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Abstract 
       The numerical simulation on the long distance process of a dust-storm event based on conputer science need us 
to couple a long distance transporting model with a meteorological model. Here we show a numerical simulation 
study for a dust-storm event in 2003. In this study, a long distance transporting model, called Hysplit-4 model by 
NOAA,USA , has been coupled with a meteorological model,called MM5v3 by NCAR,USA.The simulation results 
show us that the simulated concentration fields in 24h can be regard as an acceptable numerical simulation result, 
however, with the integration time increasing up to 48 hours, the numerical simulation results can not be acceptable 
as a good simulated result. After checking the vertical structure of the simulated concentration field, we found that 
the discontinuity of the concentration field in space may be responsible for this bad performance of numerical 
simulation results. Some discussions about solving this problem are also explained at the end of this paper. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1.  Introduction 
In recent years, dust-storms frequently occur over east Asia, which attracts domestic and international 
scientists’ attention.  The numerical simulation method based on computer science has been regarded as 
one of the best scientific methods to solve the problem.  Early numerical modelling research work can be 
seen in 1977, when Schutz developed a two-dimensional steady dust transport model, studying the dust 
long-distance transmission from Sahara region to areas over the Atlantic [1]. In 1987, Westphal coupled 
an aerosol long-distance transporting model with a limited-area model ,called MM4, of NCAR,USA to 
simulate the dust concentration fields moving from Sahara region[2-3]. Shao developed a mobilization  
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model describing the evolution of airborne dust at early stage and simulated several dust-storm events 
over Australia[4-5]. In this paper, we coupled  a long distance transporting model called Hysplit-
4 ,NOAA,USA, with the meteological model called MM5v3,NCAR,USA to simulate a dust event over 
east Asia in 2003. 
2. A Simple Describing of Hysplit-4 
2.1 Previous demostration of capability of modelling by Hysplit-4 
Hysplit-4 is designed by Roland Draxler at Air Resource Laboratary of NOAA,USA. Using 
Lagrangian method to determing the sources of pollution, advection and diffusion processes of 
concentration fields calculating respectively at fixed grid point with the Eulerian method in calculating 
pollutant concentration. The sigma coordinates have been adopted for the 28 vertical layers. HYSPLIT-4 
is now a official model which can  be applied to a wide range simulating of pollutants. It succefully 
simulated the dust-storms in April, 2001 and in March ,2002 that happened over east Asia [6] 
2.2 The Mobilization mechanism of Hysplit-4 
The process of mobilization mechanism of Hysplit-4 to determine the sources of a dust-storm is based 
on the formula in [7]. Only when the friction velocity is greater than threshold value  in desert can be 
regarded as a source where airborne dust can be transported into the atmosphere according to the output 
of a meteorological model called MM5v3. An initial distribution field would be determined at each grid-
points and the integration steps for both the diffusion equation and the transporting equation of dust can 
be calculated step by step under the driving by the atmospheric motion. 
3 Numerical Simulation Results 
3.1 Backwardly Tracing the sources 
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Fig. 1(a)   Backwardly Tracing at  Gan Shu Station                               Fig. 1(b)  Backwardly Tracing at  Lan Zhou Station
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There are eight desert areas in east Asia, before running the coubling models, the information of the 
proximate areas of sources must be given. In order to obtain the information data, backwardly tracing 
experiments about the soureces for this dust-storm event have been done. After backwardly tracing 
modeeling both in Figure 1 (a) & (b), we can easily obtained the information of the sources for the dust-
storm event in April,2003. 
3.2 Numerical Simulation Results of Concentration Fields in 24 hours and 48 hours 
          
Fig. 2(a)   Numerical Simulation Results in 24 hours                     Fig. 2(b) Numerical Simulation Results in 48 hours 
From Figure 2(a), we could see that  the numerical simulation result in 24 hours is pretty good because 
the simulated concentration field match the deposition areas (marked $) well. However, the simulated 
concentration field in 48 hours seem not so good as that in 24 hours. There are a large area in the 
concentration field on the up right side match no deposition report at meteorological observation stations.  
3.3 Vertical structure of  the simulated  concentration fields  
          
Fig. 3(a)   Numerical Simulation Results in 24 hours                     Fig. 3(b) Numerical Simulation Results in 48 hours 
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As above-mentioned, the numerical simulated concentration field in 48 hours is bad because there are 
no deposition report at meteorological stations macth the above right hand concentration field.  Figure 3(a) 
and Figure 3(b) show the vertical structure of the two simulated concentration fields repectively. 
Comparing the Figure 3(a) with Figure 3(b), we could see the difference between them. In the sturcture of 
the latter,we could see there is a blank area shaped like a slender strip in the vertical structure of the 
concentration field.  In this situation, the computation scheme for calculating the advection and diffusion 
processes should be taken into consideration of non-uniform continuity. 
4. Disussions and Conclusions 
In  this paper, the numerical simulation results of a dust-storm event occurred in April,2003, based on 
the modelling system coupling the Hysplite-4 model with MM5v3 , have been shown . The simulated 
results of the concentration field in 24 hours is pretty good because it matchs  the deposition reports of the 
dust-storm at meteorologocal obsevation stations quite well. However, the concentration field in 48 hours 
is not good because there is not enough deposition reports of the dust-storm at meteorologocal obsevation 
stations support this simulation. Vertical structure of the concentration field in 48 hours show us that there 
is a blank area shaped like a slender strip in it,which might suggest us to develop some computation 
schemes for  taking consideration  of  discontinuity fields. 
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